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ABSTRACT 


The invention relates to methods and systems for determi- 
nation of position and orientation of users in a space and 
display of virtual space, and can be used in interactive 
computer games, health-strengthening teaching devices, or 
trainings of the athletic and military purposes. The invention 
provides an improved accuracy and speed of tracking of the 
user's spatial position and orientation, provides convenience 
for and naturalness of his/her movements and representation 
of virtual space in conformity with user's movements in the 
real space. Sensors 4 for tracking angular position of seg- 
ments 2 of the use^s locomotor system are attached at places 
of articulations 3 of segments 2 and at certain segments 2 
proper . At least at one of segments 2 arranged are main 
means 5 for determination of reference directions, which 
means provide determination of orientation of a give n 
segment relative to the reference directions . Data from 
s ensors 4, means 5 for determination of reference direct ions 
and, when necessary, from devices 8 ol interaction of a use r 
with the virtual space objects are processed lor determina- 
tion of the user's orientation and position as a whole on the 
basis of particular values of angles between segments, and 
orientation of a main segment whereat means for determi- 
nation of reference directions, relative to the reference 
directions, are arranged. Obtained data are used for display- 
ing user's movements in real time, or representation for a 
user of virtual space that corresponds to his/her viewing field 
that varies according to movements in real space. 

52 Claims, 3 Drawing Sheets 
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/'orTa helmet having a dispja^y system for processing a 
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METHOD FOR TRACKING AND , _ 

DISPLAYING USER'S SPATIAL POSITION S cot o ma mllnuuilmi, and k system for displaying a svn- 

AND ORIENTATION, A METHOD FOR fhesised image for a user (see, ibi dem, p.p. 25-28). Locating 

REPRESENTING VIRTUAL REALITY FOR A a user is based on the triangulation principle, and for 

USER, AND SYSTEMS OF EMBODIMENT OF s determining his/her position and orientation, nine measure- 

SUCH METHODS ments of a distance are required to be done. Such system 

requires a direct sighting line between a system transmitter 

FIELD OF INVENTION and receivers. When tracking of a great number of receivers 

. . , - , . . is necessary, the polling rate falls, i.e. the measurements 

The mvenuon relates to the systems for determining ,„ performanc6 speed required for displaying movement of a 

user's spatial position and orientation, and be used for mobile objec , and Us ^ iQ red dme decreaseS- 

interactive computer games, teaching simulators, and train- . , . . .,. , . . 

ing courses of the athletic and military purposes. The The above systems are classified with Uie systems having 

invention is suitable to be used to tone health, for learning se u ns ° rs f °' determining *e absolute mot™ parameters in 

and mastering the correct performance of motion exercises „ wh "* V 5 *™ absolu ' e Pf'f 1011 , o a 

. . . r , A . 35 mobile obiect is measured relative to fixed co-ordinates 

and techniques in sports games and dances by children and . J 

adults associated with a transmitter. 

Also known are systems having sensors of determination 

BACKGROUND OF THE INVENTION of the relative motion parameters, advantages of which 

systems consist in simplicity and compactness. "Gloves" 

Known are systems for tracking and displaying person's 20 usc d in systems of immersion in virtual reality and having 

body positions in motion, which use mechanical means to tensors measuring some - jni n ts rotation angle's, 

track positions of a head and body parts— goniometers may be re f erre d t o as examples of such system^ Sucfi 

intended to measure angles of rotation of joints and deter- systems can a T l^iona TITcomDrise a sensor for determining^ 

mine final positions, e.g. of an arm relative to a body, or a absolute three-dimensional movement and orientati on (3D- ' 

finger tip relative to a hand. 25 ^sor) a nd used to track movements ot users"wrist Also 

The following can be considered as drawbacks of such known is Vsystem tnat employs optical DataGlove sensors 

systems: difficult adjustment of goniometers to human of VPL company (see ibidem, p.p. 33-37) and comprises 

joints, particularly those having a number of freedom optical fibres disposed on a light elastic glove, and a 

degrees, for example — the glenohumeral joints, due to mis- 3D-sensor. Its standard configuration uses two sensors 

match of the goniometer rotation centres with those of joints 30 attached at the outer side of each finger to perceive bends of 

rotation. Human joints are not ideal pivots: rotation axes main joints. Optical fibres are coupled to an optoelectronic 

shift when joints rotation angles vary. For improvement of interface. A sensor is designed such that when there is no 

the required accuracy, the appropriate calibrations are to be bending of joints, then the light travelling through a fibre is 

done. not weakened r and, vice versa, when there is a ben ding — the 

Also known are magnetic systems for tracking and dis- 35 light quantity rh?n ? e>& thus ^llnwin ^ tn measure, a pint 
playing user's spatial position and orientation (see: Burdea rotation angle indirectly. Measurement data are recalculated 
G., CoiffetP./Virtual reality technology, 1994, John Wiley & as angle values using the calibration constants and appro- 
Sons, Inc., p.p. 17-25). Among these systems are Motion priate approximation equations. A decreased accuracy due to 
Capture Server manufactured by Polhemus company, and accumulation of errors in the mode of the open kinematic 
Flock of Birds manufactured by Ascension Technology 40 loop, as well as an high cost, can be considered as drawbacks 
Corp., that comprise a plurality of motion parameters mea- of such systems. 

surement processing plates, .a controller, an external syn- Known is a system of representation of virtual reality for 

chronisation plate, a communication plate, a keyboard and a a user, comprising a movable platform unit in the form of a 

monitor, a transmitter comprising three electromagnetic ^ spherical hull with six freedom degrees wherein a user is 

coils, and a plurality of receivers, each of which receivers placed, means for determining position of the spherical hull, 

further includes a triad of electromagnetic minicoils that a computer installed inside said hull (see U.S. Pat. No. 

sense magnetic fields emitted by a transmitter. 5,490,784, cl. 434-55, IPC G 09 B 9/00, publ. 13.02.96). A 

Operation range of these systems is not large, the accu- transmitter sends data concerning the platform position to a 

racy depends on the distance between a transmitter and a 50 receiver which in its turn transmits the received data on the 

receiver. In a variable magnetic fields system, the presence angular position of the spherical platform having a user 

of foreign metallic articles affects the accuracy due to placed therein to a host computer outs ide the platform. Data 

induction of eddy currents. A constant magnetic fields sys- on linear movements ot such rotoplatform are supplied to 

tern is less sensitive to the presence of metallic articles, but the host computer. An on-helmet display tunes a virtual, 

the magnetic resistance effect can introduce distortions into 5S reality image according"' " the. re.rp.ivp.fi data on the, move- 

the magnetic fields produced by a transmitter. ments or the platform. 

Moreover, other issues that should be regarded as draw- Complexity and an insufficiently high degree of reliability 

backs of such systems are an insufficient performance speed of simulation of the virtual space should be considered as the 

as a result of temporal delays in establishing the analogue disadvantages of this known system, 

signal, as well as a high level of noise causing the displayed 60 Known is a system for representation for a user of a 

image to jitter. combined image of real and virtual environments, compris- 

Known is an ultrasonic system for tracking the user's ing means for visual display for a user of a composite image; 

spatial position and orientation, comprising a transmitter in a direction sensor for generating a signal that indicates the 

the form of a set consisting of three transmitting electroa - user's viewing field direction; a video camera for generating 

coustic converters rigidly secured on a support frame, 65 a series of video signals, the combination of which signals 

receivers in the form of sets consisting of three microphdtJSs represents the user's viewing field; means for positioning a 

gffily secured on a support frame arranged on a user, e.g. video camera such that its viewing field registers with that 
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of a user and trades his/her movements; image generation The user's movements are preferably displayed in accor- 

means responsive to the direction signal to generate synthe- dance with a required observation aspect or upon an addi- 

sised signals which characterise a portion of the complete tional amendment. 

image generated by a computer; means for selecting and The aforementioned objects according to the invention are 

combining images to analyse video signals, and selecting 5 to be attained also through that the user's spatial position and 

video signals or those synthesised by a computer so that to orientation tracking and displaying system comprises: 

form a composhe video signal and send this signal to display ^ of f M ^ leg ed 

T^t c: Su w X" adja ' cntly "° main joints bctween thc uscr s locoraotor 

t Ibfiu, publ. I4.iu.y2). system segments or at the very said segments to produce at 

This known system does not ensure the possibility to io outpu ts of said sensors the signals of relative rotation angles 

provide for a user a virtual environment image that would 0 f segments; 

correspond to changes of the user's position and orientation means for ^^^g reference directions arranged at 

m tne real space. j eagt at Qne Q ^ ^g^^ Q f ^ user's locomotor system to 

SUMMARY OF THE INVENTION produce the reference direction signal at output of said 

Object of this invention is to provide such method and means for determining reference directions; 

system for tracking and displaying the spatial position and means for analogue-to-digital conversion of signals, said 

orientation of a user that will decrease the manufacture and means having a first input for receiving signals of relative 

operation cost while ensuring accuracy and high-speed rotation angles sensors, a second input for receiving signals 

performance required for a reliable display of the user's 20 °f mc reference directions determination means, and an 

movements in real time. output for outputting digital data; 

Another obiect of this inventionis to provide for a user th e means for processing digital data to construct a math- 
(^o^siDiIi^in the course of tracking of his/her movements . einatical model of the tnree-aimensionai space ana a U!>u in- 
t o move in space without any restrictions, in a natura l ' such space, having an input for receiving digital data ancLa n 
manner, also during users interaction with the virtual reality 25 'output for outputting data on the user's position and orien- 
objects. ' ~ tation in the simulated three-dimensional space T and 

Moreover, another object of the invention is to improve means for displaying the user's spatial position and 

accuracy and reliability of representation for user of the orientation, having an input for receiving data on the user's 

virtual space in complete correspondence thereof with position and orientation in jhft fiirm i1a|ti rl thr Himrrrjonal 

changes in the user's position and orientation during his/her 30 space. 

movements in the real space. The system for tracking and displaying the user's spatial 

These objects are to be attained through that a method to position and orientation preferably comprises means for 

track and display the spatial position and orientation accord- forming an image at a certain viewing angle and amending 

ing to this invention comprises the following steps: a formed image, which means is connected between the 

a) attaching means, for determining at least one angle 35 digital data processing means and the means for displaying 
between segments adjacent to a respective articulation, at the user's spatial position and orientation. 

each main articulation of the user's locomotor system; The aforementioned objects according to the invention are 

b) arranging, at least at one of segments of the user's attained also through that a method for representation of the 
locomotor system, means for determining reference direc- ^ virtual space for a user comprises the following steps: 
tions; a ) attaching, at each main articulation of the user's 

c) determining orientation of at least one segment, locomotor system segments, means for determining at least 
whereat means for determining reference directions is one angle between segments adjacent a respective articula- 
arranged, relative to said reference directions; tion; 

d) determining angles between segments adjacent to said ^ D ) determining linear dimensions of the us er's locomotor 
main articulations; ' "* system segments; 

7 e) determining user's spatial orientation and position as a c ) arranging, at least at one of said segments, means for 

whole on the basis of obtained angles values and the determining reference directions; 

orientation of said at least one segment, whereat means for d) determining ori entation of at least one segment, 

determining reference directions are arranged. 50 whereat the meaDS for determining reference directions are 

For the purpose to obtain the interconnected series of data arranged, relative to the reference directions; 

determining a temporal change of the user's spatial position e) determinin angles 5etween segments adjacent to said 

and orientation in conformity with his/her real movements,, m J n articulations; 

the method includes iteration, at a specified periodicity, of _ , . . * , . , . A . , 

step? (c) lHHMg lr W , the obUuWU data on iHe user s spalial 55 0 d f ™ imn S ^ » ^ °™tat 10 n and position 

j • * *• u • • * j £ £■ , u as a whole on the basis of the obtained angles values and 

position and orientation being registered for further use. r t t ° , , 

r „ . ° . - . orientation of a segment, whereat the means for determining 

Moreover, at step (e) values of linear dimensions of the reference &KCtioas Me , d 

user s locomotor system segments are used; the method . , . . , ° 

preferably comprising steps of determining a reference 6> determinmg a reference segment of the user s locomo- 

segment and its positioning relative to a reference in a space eo lor svstem > 

to be displayed. n ) positioning a reference segment relative to a reference 

For the purpose to obtain and register series of data on the in the virtual space to be displayed; 

user's position and orientation in a space to be displayed, 0 determining a position and orientation of the user's 

and to display the user's movements according to th e head in the virtual space for determining the user's viewing 

o btained data, steps (d) through fgl are iterated at a pred e- 65 field in the virtual snace: 

t ermined periodicity. The user's movements being p^play ed j) forming and representing for a user an area of the virtual 

in real time, or as necessary, at a subsequent instant of time. space that corresponds to his/her viewing field. 
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Steps from (d) to (j) are further iterated to display changes 
occurred in the virtual space in real time in accordance with 
the user's movements and interaction with the virtual space 
objects. Series of data on the user's position and orientation 
are preferably registered for further use. 

In the methods of the invention, the "North-South" direc- 
tion of a magneto telluric field sensor and a direction of a 
local vertical sensor, or directions formed by gyrostabilised 
sensors of reference directions; or "North-South" and 
"West-East" directions, or directions formed by an external 
source of reference directions are preferably used as refer- 
ence directions. 

Moreover, at least one pair of spatially separated sensors 
of absolute co-ordinates to be arranged at least at one of the 
segments of the user's locomotor segments c an be used as 
means for determinin g reference direction s. 

It is also preferable that near dimensions of segments be 
determined on the basis of the known proportions of the 
human body using the user's height data; said linear dimen- 
sions can be scaled for a respective variation of the user's 
image dimensions relative to the displayed space. 

The invention methods, for the purpose to ensure the 
user's interaction with the displayed virtual space objects, 
preferably provide for use of a manipulator, the position of 2 s 
which manipulator is defined by a position of the user's hand 
holding the same, and the precise orientation of the manipu- 
lator is determined using additional means, disposed 
thereon, for determining reference directions. 
^"Xs the main articulation between the user's Jocojrjojpr 
' system segments the following joints are ^referably^ 
selected: hip, knee, mortis, gle no humeral, elbow, hand 
joints, and articulations of head and shoulders, thoracic and 
waist portions of spine, and, additionally, foot and finger 
joints. 

The above-mentioned objects are attained according to 
the invention also through that system for displaying the 
virtual space for a user who moves in the real space, 
comprises: 

A plurality nf sensors, nf mlafi've. rotation angles arranged 
adjacently to main articulations between the user's locom o- 
tor system segments, or at the very same said segments^ to 
output signals of relative rotation angles of said seg ments; 

means for determining reference directions, arranged at 
least at one of the user'locomotor system segments to output 
the reference direction signal; 

means for analogue-to-digital conversion of signals, hav- 
ing a first input to receive signals of the relative rotation 
angles sensors, a second input to receive signals of the 
means for determining reference directions, and an output 
for outputting digital data; 

— means for processing digital data for construction of aA 
mathematical model of the three-dimensional space and a 
user therein, having a first input for receiving said digital 
data, a second input for inputting additional data on a user 
and space to be displayed, and an output for outputting data 
on a constructed mathematical model of a user in a simulated 
space^ 

means for determining the user's viewing field, having an 
input connected to the digital data processing output, and an 
output; 

means for forming signals of displaying the virtual space 
corresponding to the user's viewing field, having a first input 
connected to output of the digital data processing means, a 
second input connected to output of the means for deter- 
mining the user's viewing field, and an output; and 



45 


means for displaying, for a user, the virtual space, which 
means are connected to output of the means for forming the 
virtual space image signals corresponding to the user's 
viewing field. 

F urther, in the systems of the invention, a sens or of 
refative rotation angles is preferabl y .a strain pause or an 
optical -fibre sensor, and t he means for determining reference 
direction s' comprises either a magnetotellunc neia ^sensor 
afad a local vertical sensor, or a gyrostabilised sensor oi 
reference directions, or a sensor of reference directions 
artificial source signal. 

Still further, the invention systems preferably comprise at 
least one means for the user's interaction with objects of the 
real and virtual space, which means are provided with 
additional means for determining reference directions. 

Moreover, the invention systems preferably comprise 
means for storing converted measured data for further 
reproduction of spatial position and orientation of a user, as 
well as means for inputting additional data on a user and the 
three-dimensional space to be displayed for the purpose to 
construct mathematical models of three-dimensional space 
and a user therein. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention is explained by examples of its embodi- 
ment illustrated by the accompanying drawings, wherein: 

FIG. 1 — schematic depiction of a user, illustrating 
arrangement of means for determining angles between the 
user's locomotor system segments, and means for determin- 
ing reference directions of a system of the invention; 
FIG. 2 — generalised flowchart of a system for tracking 
d displaying the user's position and orientation embodied 
ccording to the invention; 

FIG. 3 — generalised flowchart of the system for repre- 
sentation of the virtual space for a user who moves in the real 
space, according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 schematically shows user 1 whose locomotor 
system consists of segments 2 having pivot-type articula- 
tions 3. Pivot-type articulations 3 of segments 2 simulate 
bones linking by joints. Pivots, tike joints of a human or an 
animal, have different degrees of freedom. For example, 
linking nf up per arm and shoulder, shank and thigh can be 
simula ted by a simple pivot having single degre e rtf 
to simu late linki ng ot shoulder" 


freedom, and. 


o f 

ler in a g^m- 


50 


hu meral joint with shield, or to simulate a hip joint, a pivott 
connection having more degrees or rreeaom is required. 

Means for determining angles between segments 2 are 
sensors 4 intended for tracking position of segments and 
their parts relative to one another and arranged at places of 
articulations 3 of segments 2 and at segments 2 proper. They 
are intended for accurate tracking of the user's movements, 
inclusive of measuring the rotation angles of some segments 
relative to their axis, for example, of one end of a shoulder 
segment relative to its other end. Said shoul der segment. 


consists of two spn|ce hones capable of a movement relativ e 
) tonne anot her thus allowing nne segment end to rotate i 
^ relation to the other seg ment and a long its axis, There is 


65 


jn 
a 

number of segments of this kind being capable to partiall y 
rotate about its axis while not changing the angle between 
ftself and an , adjacent se gment. There are, for example: head 
with neck that rotate relative to snoulaers; ooay s tnora cic 
part that rotates in relation to the pelvic portion. Sensors 4 
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'c' an be optical-fibre sen sors, strain gauges\ln one 
mbodiment, sensor 4 can oe a senior lui measuring angular 
and linear shifts and consist of trans mitting and receiving 
portions and based on variations ofif^TectrorrlOtive i'orcej 
ind uced in a receiver' s"loop and bein^ varla^Te^rie^^D^ 
aflfffe'D'erween segmepts vanes . 

Means 5 for determining reference directions are arranged 
at one of segments 2 and intended to determine orientation 
of this segment relative to reference directions. Means 5 will 
be advantageously arranged at the body parts that are the 
most stable during such standard user's movements as 
walking and running. These means are recommended to be 
arranged at the pelvic part. W hen a user is immersed in t he 
virtual reality, for a quicker ahd more accurate tracking of 
orientation of his/her head it will he expedient to use 
additiona l means for determining reference direction s, 
wh icri means will be disposed o n head. In one of 
embodiments, means for deiermining refererlce directions 
can be arranged at adjacent segments and provide determi- 
nation of their angular positions on the basis of their 
^orientation in relation to reference directions. 

Means 6 for displaying the virtual space for a user are 
disposed on head in front of the eyes of a user. 

As shown in FIG. 2, the system for tracking and display- 
ing user's position and orientation in one embodiment 
comprises polling means 7 that includes a driving generator 
that determines rate of polling n sensors 4, m means 5 for 
determining reference directions, k additional means 8 for 
interaction with objects of the virtual space ^manipulators., 
joysticks, weapon simulators, etc.). Outputs of pollin g 
means 7 are connected to analogue-to-digital converter 
(ADC) 9 intended to convert the analogue data from sensors 
4, additional means 8 and means 5 for determining reference 
directions to the digital ones, having, for example, 8-byte 
value. Output of ADC 9 is connected to input of stacker 
means 10 having number of memory cells not less than 
(n+m+k). Stacker means 10 via polling means 11 are 
coupled to long-term memory 12 and data preparation 
means 13. Long-term memory means 12 is intended to store 
data on the user's position and orientation that vary with 
time depending on his/her movements for subsequent use for 
various purposes. Further, output of long-term memory 
means 12 can be connected to input of data preparation 
means 13 intended for smoothing obtained data, excluding 
random errors and representing them in the form that is 
acceptable for constructing a mathematical model of a user. 
In one embodiment output of the long-term memory means 
can be connected to output of ADC according to a particular 
design of ADC. For consideration of both above versions, 
elements 7, 9, 10, 11 can be generalised as analogue-to- 
digital conversion means. 

Output of data preparation means 13 is connected to 
three-dimensional space mathematical model construction 
means 14, wherein a user (or which is represented for a user) 
and the user's mathematical model in this space are to be 
displayed. Means 13 and 14 can be defined by a generalised 
notion as means for processing measured and converted 
digital data. To means 14 connected are means for inputting 
additional data 15, using which means an additional infor- 
mation about a user to be displayed in space, temporal 
relationships between movements of a user and dynamics of 
the displayed space changes, is provided. This information 
can also represent such additional data on a user as height, 
weight, gender, age, etc. When any additional inflation is 
absent or not required, then the user's mathematical model 
is computed for an average individual, who has standard 
proportions. Means 14 comprise the following units: means 


16 for determining orientation of a main segment whereat 
arranged are means 5 for determining reference directions, 
in relation to reference directions; means 17 for construction 
of a user's model as a whole; means 18 for determining a 
reference segments) of a user; means 19 for positioning a 
user relative to a reference in a simulated space computed by 
a computer. To output of means 14 connected is ir^put of 
means 20 for forming an image at a required viewing angl e. 
Output of means 20 k connected tn input of means 21 far 
io di splaying the simulated user's position and orienta tion as 
positioned relativ e t" a ref erence in a space to be displayed. 

Shown in FIG. 3 system of representation of the virtual 
space for a user, who moves in the real space comprises 
elements 4, 5, 7-19 which are similar to those of FIG. 2, and 
differs from the system of FIG. 2 in that to output of means 
14 connected are input of means 22 for determining the 
user's viewing field and input of means 23 for formation of 
the virtual space image signals that correspond to the user's 
viewing field. Output of means 22 is also connected to input 
of means 23 for formation of the virtual space image signals. 
To output of means 23 connected is input of means 24 for 
displaying for a user the virtual space wherein he/she is 
immersed, in accordance with his/her position and orienta- 
tion in this space. 

The system for tracking and displaying the user's position 
and orientation shown in FIG. 2 operates as follows. 

Sensors 4 and means 5 for determining. reference direc - 
tions in the preferable embodiment are attached to spec ial 
outfit of the overalls type, or immediately on a user at places 
of articulations 3 of segments 2 and at segments 2 proper. An 
outfit having a syste m o f sensors 4 and means 5 must hav e 
a . little weigm, can be" easily put on and otr and nnt hinder 
the user's movements. Sensors 4 on such outfit are attached 
such that when a user is in motion, i.e. when angles betw een 
segments I vary or when one end of a serpent rotate^ in, ^. 
r elation to the other end along the segment axis, certain (^V^* 
physical parameters in the sensors would change. Th ese\ 
physical parameters are to vary within certain limits accord- \ \ 
ing to changes of angles between adjacent segments 2 from \ 
one extreme position to the other. J 

The system can include main and additional means 5 for 
determining reference directions and providing determina- 
tion of an angle between the segment whereat appropriate 
means 5 are angled and the reference directions . Main means 
5 for determining reference directions are arranged at a 
segment to be considered as the main segment. I]ie majn * 
segment will be expediently selected such that it would be 
closer to the geometric centre of a user and most stable 
50 during typical movements of a person: running and walking . 
The pelvic segment satisfies these requirements the best. 
When a user is immersed in the virtual reality, for the 
purpose of a faster and more accurate tracking of inclina- 
tions and turnings of the head, additional means 5 for 
determining reference directions and disposed on head can 
be used. 

Data from sensors 4, means for determining reference 
directions 5 and additional means 8 for interaction with the 
virtual space objects are read at ADC 9 and updated in 
accordance with the polling signal formed by a driving 
generator of polling means 7. Data from ADC 9 are sent to 
respective memory cells of stacker means 10. 

Polling means 11 accomplish polling of memory cells of 
stacker means 10 and form a series of data characterising the 
user's position and orientation inclusive of the data from 
additional means 8 associated with a particular (current) 
instant of time, and transfer these data to long-term memory 
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means 12 for long-term storage. These data can be used any 
time, and for that purpose they will be supplied to data 
preparation means 13 for further processing. When used in 
the real time mode, the data from polling means 11 are 
directly applied to data preparation means 13. Means 13 S 
smooth the received data, exclude random errors and rep- 
resent them to means 14 in the required form for construct- 
ing the user's mathematical model. 

In means 14 the three-dimensional space mathematical 
model where a user is to be displayed and a mathematical 10 
model of a user in this space are constructed. Using means 
15 for inputting additional data into means 14, additional 
information on a user, a space to be displayed, temporal 
relationships between the user's movements and dynamics 
of changes of the space to be displayed are inputted. This 15 
information can be such additional data on a user as height, 
weight, gender, age, etc. If such additional information is 
absent or not required, then a mathematical model is com- 
puted for an average person having standard proportions. 
When the "Hulliver" effect is to be created, when objects of 20 
a space to be displayed are unnaturally enormous or tiny, 
then the inputted data on proportions between linear dimen- 
sions of the space and the objects therein and linear dimen- 
sions of a user are altered. In the same way, an accelerated 
or slowed-down course of time in a space to be displayed 25 
can be inputted, by altering the user's movements dynamics 
when data are inputted from long-term memory means 12. 
When the user's movements data are supplied to means 13 
in the real time modality, processes passage dynamics in a 
space to be displayed can be accelerated or slowed down. 30 

Means 16 for position and orientation of a main segment 
compute and construct, according to the received data, the 
main segment position and orientation, at which segment the 
main means for determining reference directions relative to 
reference directions are arranged. The directions associated 35 
with the magnetotelluric field, "North-South" and "West- 
East" directions, or a local vertical determined on the basis 
of the Earth's gravitational field, and the "North-South" 
direction will be expediently used as the reference direc- 
tions. These fields are actually ubiquitous and do not depend 40 
on a user. Using a special device like an electromagnetic 
compass, compass, or a horizontal or vertical gravitational 
sensor, the user's orientation and, in particular, that of the 
segment of the user's locomotor system whereat this device 
is attached can be determined. At the places where a strong 45 
noise exists, or Earth's magnetic field is shielded, an artifi- 
cial field of reference directions can be created. Then it will 
be important only to determine the user's orientation in this 
field, and it will not be required to determine the absolute 
distance to these means using triangulation algorithms that 50 
need intensive computations. 

In means 17 for construction of the user's model as a 
whole, adjacent segments are fitted to the constructed main 
segment according to changed data on the angles between S5 
such adjacent segments; then to the constructed adjacent 
segments next adjacent segments will be fitted, and so on up 
to the final segments. 

In means 18 the user's reference segment, or reference 
segments are determined. For example, if a user moves on 60 
a horizontal planar surface, the segment which is the lowest 
relative to the local vertical will be considered as the 
reference segment, and the lowest portion of this segment — 
as the reference "point". 

In means 19 a user is positioned relative to the reference 65 
in the space computed by a computer. For this purpose, in 
the most simple case, the oriented user's model and the 
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user's reference in the space to be simulated are coincided 
such that the reference portion of the user's reference 
segment and the part of the space to be simulated being the 
user's reference at that moment would coincide. In the case 
a user is in a motion, for example when he/she leaps, i.e. 
there is some time in "flight", a user is positioned in relation 
to the reference using the immediately preceding data on the 
motion dynamics. It should be borne in mind that if a 
complete information about dynamic changes of angles 
between segments is available, even the user's momentum 
and the force with which he/she pulls off from the reference 
can be calculated, lnis will allow to simulate such user 's 
movements in the displayed space that will be actually 
identical to the real ones. Further, in accordance with a 
dynamically changing position and orientation of segments 
of a user, the changing user's position (coordinates) and 
orientation as a whole in the space is tracked. That is to say 
that according to the user's movements displayed image it 
will be seen, for example, that a user took ten steps in the 
Northern direction, turned around and ran to the "South- 
East", and so on. 

Data on the constructed user's model in the simulated 
space are tr ansmitted frnm mi f put nf mean?; 14 to input of 
means 20 for formation of an imape at the required viewin g 
angle where the observer's viewing point is selected ; the 
us er's image at the required viewing angle is calculated and . 
when necessary, the imape_js amended for its subsequen t 
display. From output of means 20 the data are transferred to 
input of means 21 which displays the simulated user's 
position and orientation, which user has been positioned 
relative to the reference, in the space to be displayed. In 
means 20 a user him/herself and other observers may, if they 
wish so, predetermine an aspect to view the user's move- 
ments dynamics. It is also possible, if necessary, to view the 
user's movements from above or below, from a side or a at 
variable viewing point. When movements of a user(s) pre- 
viously stored in a long-term memory device are displayed, 
they can be amended prior to displaying in conformity with 
a task at hand. For example, movements of one user stored 
in a memory device in various times can be displayed 
simultaneously, or movements of different users can be 
displayed simultaneously for comparison. User's 
movements, as required by a particular purpose, can be 
displayed in the form of simplified stylised pattern, or any in 
other form that would be mare approximated to the real 
images with "rendering" of complex textures of clothes, 
skin, environmental space. In the first case, any computer 
could handle such task, in the latter case a sufficiently 
powerful computer having good graphics capabilities is to 
be applied. 

Operation of the system of the invention for representa- 
tion of the virtual space for a user in the main corresponds 
to the foregoing description referring to FIG. 2. The differ- 
ence is that means 14 construct a model of the three- 
dimensional space to be displayed for a user, and the user's 
mathematical model in this space. Data of the user's cony 
structed model in the simulated space from means 14 are 
transferred to inputof means 22 for determining the user' s 
v iewing field and input of means 23 for formation of a 
v irtual space image. In m eans 22 the user's viewing field in 
the virtual space is determined according the data that were 
supplied from means 14, i.e. it is determined which portion 
of the virtual space a user might view at a given moment. 
From output of means 22 the user's viewing angle data are 
sent to means 23 for formation of image of the virtual space. 
In means 23, according to the user's viewing field and a 
virtual space model, formed is an image of such portion of 
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the virtual space that can be seen by a user in accordance 
with his/her position and orientation in the virtual space 
calculated in conformity with movements in the real space. 
F rom output of means 23 signals arc applied to in put of 
means 24 to display for a user the virtual space, wnereirr s 
he/she is immersed, according to his/her position and ori- 
entation in this space, y^ny device for displaying the virtual 
s pace can be used as means 24: monitor, virtual helmet or 
goggles, including means 6~(FIG. l)T 

As mentioned heretofore in characterisation of the prior 10 
art, in most known systems formation of a user's model is 
accomplished according to the absolute co-ordinates deter- 
mined by sensors disposed on a user. In such systems the 
user's position in space as a whole is determined automati- 
cally. In the motion, the absolute co-ordinates will provide 35 
a route of a user's movements. The space is limited mostly 
by the scope of capabilities of external sensors or emitters 
arranged around the user's actions active area. As distinct 
from such systems, in this invention the user's movement 
active area practically is not limited, for everything that is 20 
needed to determine the user's position and orientation is 
disposed on a user him/herself. In such arrangement impor- 
tant is only the presence of a field for operation of reference 
directions determination means, and user's spatial move- 
ment is calculated by a computer according to the data on the 25 
changes of value of angles between segments and the 
orientation relative to reference directions. A changes in 
space can be calculated on the basis of number, length and 
direction of user's steps. To determine length of a step, 
angles between the user's reference segments at the moment 30 
a step is taken and linear dimensions of segments must be 
known. P articularly, to determine length of a step taken b y 
a person, the following must be known: angle between tnigh 
'bones of right and lett Legs, angle between tnigh bone and 
sfia nk tor eacn leg and linear dimensions or snanK and Uugh. 35 
inTsome cases it may be also expedient to measure angles 
between foot and shank, also between foot and toes. 

To simplify the criterion of determination of the reference 
segments using orientation of segments relative to a plane, 
sensors disposed on user's soles can be used. For instance, 40 
if a leg at a moment is a supportive one, then an appropriate 
contact is closed in a sensor, and, vice versa, when a leg is 
lifted and poised, this contact opens. A sensor can also 
provide data on a load level exerted on each of legs. Using 
a value of load value exerted on a leg in the motion and the 45 
user's weight, the user's motion route can be calculated even 
for a leap. The necessary data for calculation of a motion 
route, the user's movements physical characteristics can also 
be calculated using the dynamics of changes of the angles 
between segments. 50 

INDUSTRIAL APPLICABILITY 

A method and a system of the invention provide a number 
of completely novel opportunities which have not been 
realised heretofore, in particular, the opportunities to carry 55 
out testing and contests involving any kind of movements: 
those of sports, dances, for the purpose to evaluate the right 
response to a proposed situation, in "duels". Such contests 
will be possibly held on the basis of the time-division 
principle, by reading the data, for example, from the same 60 
user in various times. Then these data could be evaluated, 
compared both using a computer and a referee after these 
movements have been visualised for their comparison. It 
will be possible to stage contests among a plurality of users 
simultaneously. For this purpose, in the real time modality, 65 
data from a number of users are read and compared for the 
performance correctness, right response to a situation, the 
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response speed, movements ingenuity. Such contests can be 
held amongst users of the claimed system who are connected 
to Internet or any other specialised network, such that users 
being able to be situated at considerable distance from one 
another. 

The user's position and orientation data stored in a 
memory, can be additionally comprised by associated 
archives. It will be possible to establish libraries of data on 
the typical human movements, any chordal animals and 
unique movements recorded from prominent athletes, 
dancer. 

One of the important advantages of the invention is 
caused by the fact that the whole system of sensors is 
disposed on a user. There is no necessity to determine 
absolute distances to the reference points that have to be 
determined in the known systems by the external sensors 
arrangement positions. The invention provides the possibil- 
ity to determine the user's position and orientation in a 
practically unlimited space wherever exists a field of the 
reference directions, in relation of which a user can be 
oriented. As described above, determination of the reference 
directions involves determination of orientation of a seg- 
ment whereat means for determining the reference directions 
are disposed, relative to the reference directions. The Earth's 
natural fields vectors which are present practically indepen- 
dently everywhere will be advantageously used as the ref- 
erence directions. It is suggested that "North-South" and 
"East- West" directions of the magnetotelluric field, or, for 
example, the "North-South" direction and a local vertical 
determined by the Earth's gravitational field will be used as 
two reference directions (the third is to be established 
orthogonally to these two). In the event a user is in any 
premises that are shielded from the external fields, emitters 
of the reference directions artificial fields can be installed. In 
such case, as before, the user's orientation in the reference 
directions field, not absolute distances to the external 
emitters, will have to be determined. For this purpose, 
determined are angles between a vector of a segment, 
whereat means for determining reference directions are 
disposed, and the reference directions. 

By tracking the user's position and orientation and dis- 
playing the virtual space for a user according to the 
invention, it will be possible to realise, during immersion in 
the vertical reality, almost all attributes of the "time 
machine" within the scope of protocolled history of the 
user's actions. A user may at any moment of his/her proto- 
colled actions, or actions of any other personage, return to 
any time section within the scope of his/her history. It may 
be useful in computer games so that a player could return 
and change his/her behaviour to attain a better performance. 
Owing to the possibility to record several parallel behav- 
ioural patterns, a user is able to choose any, more successful 
in his opinion, pattern to resume his/her actions. When the 
user's position and orientation in-motion changes protocols 
are used, the four- dimensional space determined by three 
spatial dimensions and the time can be realised. As distin- 
guished from movements in real life where a motion in time 
is carried out only in the single direction — towards future, in 
this invention it is possible, by use of recorded data, to 
implement the function of continuous or discrete temporal 
motion in various directions as easily and freely as in space, 
within the scope of the previously recorded data. 

The invention that provides the possibility to track the 
user's movements and represent for him/her the virtual 
space without use of any sophisticated external devices, will 
result in enhancing the capabilities of the existing computer 
systems and creating novel areas of application. A standard 
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for description of the user's tracked movements for use in then the applied physical and emotional loads could be 
various systems can be established in future. Such user's adjusted via a relevant entered programme, changing 
movements description standard might become a part of thereby the scenario, dynamics and conditions of the user's 
virtual reality modelling language (VMRL), be used in the environment. In play, such monitoring can be accomplished 
animation and for establishing specialised libraries. Majority 5 by "batching" the number of the popping-up enemies, sce- 
of the computer usages in future will use these standards; the nario i ntensitV( the necessity to chase an adversary at a 
possibility to control a programme using the user's natural sufficie nt speed, or escape the dangerous places. Through 
movement to be tracked by this invention method being such adjlIstmcnt> mat is to bc carricd out in m 
provided for. For the purpose that the entire pool of the for a m ^ ^ for { ^ be maifl _ 
c ontemporary 'computer usages, where the ittsr ft mo ve - 1Q taiQe d at a specified beat rate during a predetermined period. 
mentsarereaaseahyKeyhoarfl, mouse, nr inysticfr, rm P |it yfoen a predetermined load is achieved, a user is to be 
b e Applied using this invention system, the connecting brou ^ t £ fulfimn an involvcd task ^ leti a 
C nvers nave to he compiled, i.e . [hi programmes tha t scenario ^ ^ u a usef {Q end a ^ session 
identify the user s movements and convert them into signa ls ^ a sen&e of an achievement in aD emotionally elated 
B-control t?ames and simulate sugh movements. Jfi mQod UrjfortunatelV) me games played nowadays do not 
An important application of the invention relates to teach- satisfy mese principles. A player is mostly static, i.e. any 
ing a user the paragon movements, for instance those of physical load, while experiencing a high emotional one, is 
dances and sports, for health-toning, learning of professional a5sent) which can lead t0 stresses and depressionSi P i ays and 
movements. For this purpose, the paragon movements will trainings to be executed in the context of regulated physical 
be displayed for a user. To attain a better performance, the 2Q ^ emotional loads can become good means to manage 
possibility of iterations, selection of any viewing aspect, hypodynamia or nervous overloads, be instrumental to corn- 
performance tempo and scale is to be provided for for a pre hensive harmonious development of a person, 
trainee. In such case a user has to try to mimic the move- ~ . . , , 4 j. -iij 

it < n ,< /i_ t r Trainings under predetermined physical loads accompa- 

ments as exactly as possible: further, his/her movements, tor • j i_ • ? *• * ^ • * j * l. *j . 

tl _ . / . . . , A • nied by informative or entertainment data can be earned out 

the subsequent monitoring, must be recorded, protocolled. n < , ■ •• * • t i iJL . 

i_ n iL n i_ . ^ . 25 by immersion in a certain, to be selected by a user, virtual 

whereafter they will be compared with paragons. Compan- . . r I J 

, # tl _ * j ,i & c r environment. For example, a computer programme can 

son between the paragon movements and those or a user may , . . . F 4 . . r i 

, iL j i • iil i • j simulate a logging-sightseeing through famous places 

be done by various methods, also visually by a user him/ . t , ..j -5 . f, t « t , t , , - 

. ,~ . 4 , j- i / *u together with a guide who would talk about notable sights 

herself, with, now simultaneous, display of the paragon j , iL * • . _i • 

' j iL . 1 j j * * and set the outing speed by strides or cantering at a certain 

movements and the previously recorded user s movements. , n ... e \ _ . . . . ... 

* r 4 t 4 , JU orvanable, as necessary fastness. Such sightseeing could be 

/Assessment of correctness of the user s movements by a , . j . * • j . • j i 1 • 

/ 4 , . . * brought to its end when a certain predetermined load is 

' computer or an expert can become a more interesting and i_* j r» i_ . • • j-ji 

• • , . j r v *■ a . j • * achieved. Because such trammgs are individual ones, a 

promising kind of application. A computer according to aD . . . . 4 , 7 f . . . . , 

f „j l ' " computer memory might store data of the past trainings and 

mputted programm e by comparing the user s moveme nts . / c 4L £ « • *. fll . , f , . . c 

: t j X t_ r ?f j : — 7T- ^TTT loads for the following changes of the loads beginning from 

tracked through user s position and orientation will be « . , , , 4 r , 0 , j ^ , 

, , . . * * j j • a n 1 J initial loads up to stable recommended ones. The everyday 

capable to state comments and advice. A user will m ake % c * L * J \ 

j 4 . - . .i-T: — . — , normal fixed or vanabte loads can be given an emotional 

amendments in his/her movem ents so that t o attai n require d 4 . 4 . , , 7. , ■ f r, 

^rr. t il — ■ •■- — r — , • • -i . tinting and accompanied by new and useful information. For 

skill and authentic precision. Such process is similar toa ,i_ rif.* *• 1 *• *• 1. 

: — r** ■■ jn- 1 « , j ^ A , the purpose of better emotional tinting, a user can be 

training guided by a trainer-master, but does not require the . , j, *. •* * 1 * *u • j » j j 

.: b , *. t , r . 4 4 . . j 1 provided an opportunity to select the guide s gender and 

associated expenditures and matching of its time -schedule >,nt./i_ ■ 1. l *j l * r 

.1. * r * • o u r 1 -i j his/her age. or simulate such guide as having the looks of a 

with that 01 trainer. Such teed back programme as compiled 1 * i *- • 

• « , 4 A . *r j 1 1 , r -nr«— popular actor or pohtician. 

bv the be^ t pypert trqjper^ c ould be re^foaUced Dy millions r r r 

of copies, and everyone will be able to use it at a convenient . If a use \> a 5605013 5Vstenl S ets a load withom 

( im ^ — irniT\ers^nr> in foe virtual reality, the load?} p i pmtnnng can , t >e 

' TSis invention can also be used for regulation of 45 ™I£^ m i l hy ^processor, and the f^ ack-via 

"batched" physical loads exercises to be tried by a user. For headphones through the ear tract. A processorTan^vise a 

example, a load is predetermined for a particular individual use ^ about the ]° ^ er ^ ^ overall rate or 

pursuant to advice furnished by a physician or a trainer. If ^ ads u P on P«^« ^dy parts. Such inferences will be 

there are no such specific advice or any general done on the basis of me data commg from me system for 

contraindications, a computer itself would be able to com- 50 tf f ^ ° nentatl0n ° f aUSCr m accordance wth me loads 

pute and recommend a loads pattern for a certain period of calculation programme, 

time. The data on any previous or chronic illnesses, weight, e claim. 

height, gender, age, purpose of training, level of daily 1. A system for representaUon of virtual space for a user 

physical or emotional loads can be used to determine the who moves 1D the real s P ace > comprising 

required loads. Specialised preliminary tests can be applied 55 a plurality of relative rotation angles sensors arranged 

through monitoring the body responses; for example, adjacently to main articulations between the user's 

changes of the pulse under batched loads. locomotor system segments, or at segments proper, for 

After a required load is specified, a computer can provide outputting, at outputs of said sensors, signals of relative 

optimum recommendations for a certain period. A user rotation angles of said segments; 

comm ences exercises using a system of sensors that to tfie eo means for determination of reference directions, which 

most complete degree would track the user's movements means are arranged at least at one of the user's loco- 

and the data on the loads exerted on different body parts that motor system segments, for outputting a reference 

are easily calculated on the b asis of the movements data, in direction signal at output of said reference directions 

such exercises the use of the data trom tne user's pulse, and, determination means; 

if necessary, other physiological indices will be useful. 6 5 signals analogue-to-digital conversion means, having a 

Tf 1 n C pr ic jrn mvrfi pH i" f h p virtual reality and uses a first input for receiving signals of said plurality of 

ed d 


si mulator th^t allows tn perf orm unrestricted movements^ relative rotation angles sensors, a second input for 


03/11/2004, EAST Version: 1.4.1 


6,005,548 

15 16 

receiving signals of said at least one means for deter- f) determination of orientation and position of a user in 

mination of reference directions, and an output for space as a whole on the basis of obtained values of 

outputting digital data; angles and orientation of said at least one segment, 

means for processing digital data for construction of a whereat the reference directions determination means 

mathematical model of the three-dimensional space 5 are arranged; 

and a user in this space, having a first input for g) determination of a reference segment or reference 

receiving said digital data, and a second input for segments of the user's locomotor system segments; 

inputting additional data on a user and a space to be h) positioning of said reference segment or segments 

displayed, and an output for outputting data on a relative to a reference in the virtual space to be dis- 

constructed mathematical model of a user in a space to io played; 

be simulated; q determination of position and orientation of user's head 

means for determination of the user's viewing field, m virtual space for determining the user's viewing field 

having an input connected to output of said digital data in the virtual space; 

processing means, and an output; j) f orma tion and representation for a user of an area of the 
means for forming signals of image of virtual space virtual space corresponding to his/her viewing field, 
corresponding to the user's viewing field, having a first n. A method as claimed in claim 10, including iteration 
input connected to output of said digital data processing 0 f steps from (g) to (j) for displaying changes of the virtual 
means, a second input connected to output of means for S p ace m rea i t j me according to user's movements and 
determination of the user's viewing field, and an out- interaction with virtual space objects. 
P ut i 12. A method as claimed in claim 10, further comprising 
means for displaying virtual space for a user, having an a step of registration of a series of data on the user's position 
input connected to output of means for forming signals and orientation for subsequent use. 
of a virtual space image that corresponds to the user's 13. A method as claimed in claim 10, wherein "North- 
viewing field. 25 South" directions of a magnetotelluric field sensor and a 

2. A system as claimed in claim 1, wherein a strain gauge local vertical sensor direction are used as reference direc- 
is used as a relative rotation angle sensor. lions. 

3. A system as claimed in claim 1, wherein a fibre-optics 14. A method as claimed in claim 10, wherein "North- 
sensor is used as a relative rotation angle sensor. South" and "West-East" directions of a magnetotelluric field 

4. A system as claimed in claim 1, wherein means for 3Q sensor are used as reference directions, 
determination of reference directions comprise a magneto- 15. A method as claimed in claim 10, wherein directions 
telluric field sensor and a local vertical sensor. established by gyrostabilised sensors of reference directions 

5. A system as claimed in claim 4, wherein a gravitation are used as reference directions. 

sensor is used as a local vertical sensor. 16. A method as claimed in claim 10, wherein directions 

6. A system as claimed in claim 1, wherein a gyrostabi- ^ established by an artificial external source of reference 
lised sensor of reference directions is used as means for directions are used as reference directions, 
determination of reference directions. 17. A method as claimed in claim 10, wherein at least one 

7. A system as claimed in claim 1, wherein means for pair of spatially separated sensors of absolute co-ordinates, 
determination of reference directions comprise a sensor of which pair is arranged at least at one of the user's locomotor 
reference directions external source signal. ^ system segments, is used as means for determining reference 

8. A system as claimed in claim 1, farther comprising a directions. 

manipulator for interaction of a user with objects of dis- 18. A method as claimed in claim 10, including determi- 

played real or virtual space, an additional reference direc- nation of linear dimensions of the user's locomotor system 

tions determination means arranged on a manipulator, hav- segments on the basis of known human body proportions, 

ing an output connected to input of analogue-to -digital ^ using the user's height data. 

conversion means. 19. A method as claimed in claim 10, further including 

9. A system as claimed in claim 1, further comprising scaling of values of linear dimensions of the user's loco- 
long-term memory means, having an input for receiving motor system segments for corresponding change of his/her 
digital data from said output of the analogue-to-digital dimensions relative to a space to be displayed, 
conversion means. 5Q 20. A method as claimed in claim 10, further including 

10. A method for representation of virtual space for a user steps of 

taking into account his/her motion in the real space, includ- ^ of a manipulator for interaction of a user with objects 

ing the following steps: of virtua i space ^ ^ displayed, 

a) attaching, at each of the main articulations of the user's determination of position of a manipulator by a position 
locomotor system segments, means for determination 55 of hand holding thc samc> ^ 

of at least one angle between segments that are adjacent determination of exact orientation of a manipulator using, 

to a respective articulation; arranged thereon, additional means for determination 

b) determination of linear dimensions of the user's loco- of said re f ercnce directions. 

motor system segments; 2 1. A method as claimed in claim 10, wherein the fol- 

c) arranging, at least at one of the user's locomotor 60 lowing joints are selected as main articulations between the 
systems segments, means for determining reference user's locomotor system segments: hip joint, knee joints, 
directions; mortis joints, glenohumeral joints, elbow joints, hand joints, 

d) determination of orientation of at least one segment, articulation of head and shoulders and articulation of tho- 
whereat the reference directions determination means racic and waist portions of spine. 

are arranged, relative to said reference directions; 65 22. A method as claimed in claim 21, wherein joints of 

e) determination of angles between segments that are foot and fingers are additionally selected the main articula- 
adjacent to said main articulations; tions. 
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23. A system of tracking and displaying the user's spatial at each one of main articulations of segments of the 
position and orientation, comprising user's locomotor system; 

a plurality of relative rotation angles sensors arranged b) disposing, at least at one of the user's locomotor system 

adjacently to main articulations between the user's segments, means for determining reference directions; 

locomotor system segments, or at said segments proper s c) determining orientation of at least one segment, at 

for outputting signals of relative rotation angles of said which segment the reference direction determination 

segments at said sensors outputs; means are disposed, relative to said reference direc- 

means for determination of reference directions, arranged tions; 

at least at one of the user's locomotor system segments, d) determining angles between segments which are adja- 

for outputting a reference direction signal at output of 10 cent to said main articulations; 

said means for determination of reference directions; e ) determining the user's position and orientation as a 

means for analogue-to-digital conversion of signals, hav- whole in space on the basis of obtained values of 

ing a first input for receiving signals of said plurality of angles, and orientation of said at least one segment, at 

relative rotation angles sensors, a second input for which segment the reference directions determination 

receiving signals of said at least one means for deter- 15 means are disposed. 

mining reference directions, and an output for output- 35. Amethod as claimed in claim 34, comprising iteration 

ting digital data; of steps from (c) to (e) at a specified periodicity to obtain 

means for processing digital data for constructing a math- interrelated series of data that determine temporal changes in 

ematical model of the three-dimensional space and a user ' s s P adal position and orientation according to real 

user in this space, having an input for receiving said 2 o m °™ m A ents ° f a ^ XSCI \ . J . , . « 

digital data, and an output for outputting data on the t ? 6 ' rae ^ a j ^ med m claim , 35 > ^prising 'egis- 

user's position and orientation in the three-dimensional tratl0 f , of obtained data on the user s spatial position and 

f , . . . , , orientation tor turtner use. 

space to be simulated, and 37. A method as claimed in claim 34, wherein at step (e) 

means for displaying the user's spatial position and values of lmear dimensions of the user's locomotor system 

orientation, having an input for receiving data on the 2 5 segments are used, said method further comprising the 

user's position and orientation in the three-dimensional following steps: 

space to be simulated. fj determination of a reference segment or segments of the 

24. A system as claimed in claim 23, further comprising user's locomotor system; 

at least one means of interaction of a user with virtual space g ) positioning of said reference segment or segments 

objects, whereon arranged are additional means for deter- 30 relative to a reference in a space to be displayed, 

mination of reference directions connected to a respective 38. Amethod as claimed in claim 37, comprising iteration 

inpiit ftf the analo^ne-tn -digital conversion means. of steps (c) to (g) at a specified periodicity to obtain and 
SisTX system as claimed in claim 13, wnerem a reTalive\ register series of data on the user's position and orientation 

dotation angles sensor is implemented as a strain gauge. \ in a space to be displayed, and display the user's movements 
^" 26. A ayumi am ulaimod in olaim 33, whuuiu a luU ttve 35 in accordance with the obtained data, 

rotation angles sensor is implemented in the form of a 39. A method as claimed in claim 38, comprising display 

fibre-optics sensor. of the user's movements in real time. 

27. A system as claimed in claim 23, wherein the refer- 40. A method as claimed in claim 39, comprising display 
ence directions determination means comprises a magneto- of the user's movements in accordance with a required 
telluric field sensor. 40 viewing aspect. 

28. A system as claimed in claim 27, wherein the refer- 41. Amethod as claimed in claim 39, further comprising 
ence directions determination means further comprise a ste P s of amending an obtained image of the user's 
local vertical sensor. movements, and displaying the amended image of move- 

29. Asystem as claimed in claim 28, wherein a gravitation ments. 

sensor is used as a local vertical sensor. 45 42. A method as claimed in claim 38, comprising display 

30. A system as claimed in claim 23, wherein the refer- of tQ e user's movements in accordance with the registered 
ence directions determination means comprise a sensor of data as necessary at a subsequent instant of time. 

signal of an artificial external source of reference directions. 43. A method as claimed in claim 37, comprising deter- 

31. A system as claimed in claim 23, further comprising mination of linear dimensions of the user's locomotor sys- 
means for storing converted measured data for further 50 tem segments on the basis of known human body propor- 
reproduction of the user's spatial position and orientation, lions usin g data on a user's height. 

connected to a digital data processing means via a transfer 44. A method as claimed in claim 37, further comprising 

b us scaling of linear dimensions values of the user's locomotor 

32. Asystem as claimed in claim 23, further comprising system segments for respective change of his/her dimen- 
means for inputting additional data on a user and the 55 sions re ^ ative to a SP 3 ^ to be displayed, 
three-dimensional space to be displayed, connected to a 45. A method as claimed in claim 37, further comprising 
respective input of the digital data processing means. ste P s °f 

33. A system as claimed in claim 23, further comprising using a manipulator for interaction of a user with objects 
means for forming an image at a specified viewing angle and of virtual space to be displayed, 

amending an image, having an input connected to output of 60 determining a position of a manipulator according to a 

the digital data processing means, and an output connected position of a user's hand holding the same, and 

to input of means for displaying the user's spatial position determining an exact orientation of a manipulator using 

and orientation. additional, disposed thereon, means for determination 

34. A method of tracking and displaying a position and of said reference directions. 

orientation of a user in space, comprising the steps of: 6 5 46. A method as claimed in claim 13, wherein "North- 

a) attaching means for determining at least one angle South" directions of magnetotelluric field sensor and direc- 

between segments adjacent to a respective articulation tions of a local vertical are used as reference directions. 
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47. A method as claimed in claim 34, wherein "North- 
South" and "West -East" directions of a magnetotelluric field 
sensor are used as reference directions. 

48. A method as claimed in claim 34, wherein directions 
established by gyrostabilised sensors of reference directions 
are used as reference directions. 

49. A method as claimed in claim 34, wherein directions 
established by an external source of reference directions are 
used as reference directions. 

50. A method as claimed in claim 34, wherein at least one 
pair of spatially separated sensors of absolute co-ordinates 


10 


20 


disposed at least at one of the user's locomotor system 
segments is used as means for determining reference direc- 
tions. 

51. A method as claimed in claim 34, wherein thigh joint, 
knee joint, mortis joints, glenohumeral joints, elbow joints, 
hand joints, head and shoulders articulation and articulation 
of the thoracic and waist portions of spine are selected as 
main articulations between segments of the user's locomotor 
system. 

52. A method as claimed in claim 51, wherein joints of 
foot and fingers are further selected as main articulations. 
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